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Claims 

1 . Optical fiber sensor characterized by the fact that it is equipped with a compressive 
member that can reduce its length in the linear direction of a section exposed to a specific 
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temperature change and an optical fiber integrated with said compressive member so that a 
corresponding section is bent due to the reduction of said compressive member in that area 
generated by said temperature change; that the occurrence of the above-mentioned temperature 
change and the position of the temperature change are detected by monitoring light propagating 
through said optical fiber using a backscattering loss measurement method. 

2. The optical fiber sensor of Claim 1 characterized by the fact that the above-mentioned 
compressive member is formed of a material with a negative linear expansion temperature 
coefficient. 

3. The optical fiber sensor of Claim 1 characterized by the fact that the above-mentioned 
compressive member is formed of a metal containing a shape memory alloy. 

4. The optical fiber sensor of Claim 1 characterized by the fact that the above-mentioned 
compressive member is a coil spring forced into an expanded state that is longer than the original 
shape by a member that becomes softened or melts by means of heat to be detected. 

6. The optical fiber sensor of any one of Claims 1-4 characterized by the fact that the 
above-mentioned compressive member and the above-mentioned optical fiber are twisted around 
each other so that a twisted yarn is formed. 

7. The optical fiber sensor of any one of Claims 1-6 characterized by the fact that the 
above-mentioned compressive member and the above-mentioned optical fiber are coupled with 
each other at a prescribed interval in a linear direction by means of an adhesive. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a heat-sensitive sensor. More specifically, the present 
invention pertains to a constitution of a new heat-sensitive sensor using an optical fiber capable 
of detecting heat from a remote position. 

Prior art 

One of the sensors is the heat-sensitive sensor. Conventional heat-sensitive sensors, 
include sensors such as thermocouples, thermistors, and bimetal sensors, which respond to 
thermal change by changing their electrical resistance or breaking contacts so that their electrical 
output also changes. 

The thermocouple uses a phenomenon in which heat applied to a junction of different 
kinds of metals generates an electromotive force. The thermistor uses a large temperature 
coefficient of electrical resistance and is made by sintering oxide powders of Mn, Co, Ni, Fe, Cu, 
etc. The bimetal sensor uses a phenomenon in which metals with different linear expansion rates 
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are attached to each other and the composite metallic plate warps when heat is applied. Switches 
and variable resistors can be realized by these types of devices. 

Problem to be solved by the invention 

The above-mentioned various heat-sensitive sensors are used in various applications 
according to their characteristics, however, a problem that is common to all the conventional 
heat-sensitive sensors is that the area that can be monitored by one sensor is limited to a small 
region. 

In other words, the area that can be monitored by one heat-sensitive sensor is limited to 
the vicinity of the detection part of each sensor. Therefore, for example, if thermal monitoring is 
carried out over the entire length of a buried cable or pipeline, it is necessary to arrange a great 
number of heat-sensitive sensors. Also, in such an application, to specify the position where there 
is a thermal change to be detected, it is necessary to individually connect the output of each 
sensor to specific monitoring stations, which, in actual practice is impractical considering the 
scale of facilities for such an application. 

A well-known heat-sensitive sensor that can be realized with a long detection part is 
heat-sensitive paper (thermolabel), in which a special synthetic resin or pigment that becomes 
colored or changes color due to heat spread on a sheet. However, since such a heat-sensitive 
sensor detects heat by changes in color of the sensor itself, it is still practically impossible to 
detect the heat from a remote position. 

Accordingly, the purpose of the present invention is to solve the problems of the 
above-mentioned conventional techniques and to provide a new heat-sensitive sensor that can 
detect heat over a large area and can detect the position where heat is detected, even from a 
remote position. 

Means to solve the problem 

In other words, the present invention provides an optical fiber sensor characterized by the 
fact that it is equipped with a compressive member that can reduce its length in the linear 
direction of a section exposed to a specific temperature change and an optical fiber integrated 
with said compressive member so that a corresponding section is bent due to the reduction of 
said compressive member in that area generated by said temperature change; that the occurrence 
of the above-mentioned temperature change and the position of the temperature change are 
detected by monitoring light propagating through said optical fiber using a backscattering loss 
measurement method. 



Operation 

The optical fiber, as will be mentioned later, can continuously detect changes in 
propagation loss of light propagating through the fiber. The heat-sensitive sensor of the present 
invention uses such a characteristic of the optical fiber. 

In other words, when light propagates through an optical fiber, the light causes 
backscattering called Rayleigh scattering at each position in the fiber. With the detection of the 
backscattering level over time, the light propagating through the optical fiber can continuously 
detect the attenuation state due to the propagation loss at each section of the optical fiber. This is 
called the backscattering loss measurement method, and as a device for applying the method, an 
optical fiber analyzer (OTDR) is known. 

If the state of the propagating light through an ordinary optical fiber is monitored using 
the optical fiber analyzer, the propagating light is smoothly and continuously attenuated from an 
incoming terminal to an outgoing terminal. On the other hand, if there is a certain obstacle in the 
optical fiber and the propagation loss of the optical fiber is increased in a certain section, a 
stepwise level decrease appears at the position where the obstacle is located in the optical fiber 
analyzer. Accordingly, in the optical fiber sensor of the present invention, the optical fiber and 
the compressive member are joined, and if a temperature change occurs in an area being 
measured, a physical deformation, which locally increases the propagation loss, is applied to the 
optical fiber. 

In other words, in the heat-sensitive sensor of the present invention, the optical fiber is 
deformed, for example, bent, by means of the reduction due to the thermal change in the 
compressive member, and the propagation loss of the optical fiber due to the deformation is 
detected by the backscattering loss measurement method. 

As an example, the constitution of the compressive member for bending the optical fiber 
due to thermal changes will be mentioned. 

A simple structure for bending the optical fiber, for example, is to twist a material with a 
negative linear expansion temperature coefficient and the optical fiber around each other. The 
optical fiber itself has a very small positive linear expansion temperature coefficient and it 
seldom changes in length, even if the temperature increases. Therefore, with a sensor obtained by 
twisting the fibrous compressive member with a negative linear expansion temperature 
coefficient and the optical fiber, the compressive member becomes smaller with increased 
temperature, and an extra long part of the optical fiber is deflected by the linear length difference 
between the compressive member and the optical fiber, so that the propagation loss of the optical 
fiber is increased in that particular section. Also, as the material with a negative linear expansion 
temperature coefficient, a single wire of LCP (liquid crystal high-molecular plastic), plastic 
super-elongated body, etc., can be used. 
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Also, a similar effect can be attained by using a shape memory alloy that remembers a 
shape set at a high temperature and that recovers this original shape when it is reheated to a high 
temperature, even if it is deformed at low temperature. In other words, a shape such as coil shape 
with a length that is shorter than the original shape of the member, is stored in the member, and 
after it is elongated at a low temperature, it is twisted with the optical fiber, so that a sensor is 
manufactured. If heat at a prescribed temperature or higher is applied to the optical fiber sensor 
obtained in this manner, the coil shape stored in the compressive member is recovered, so that 
the entire length is shortened. Therefore, bending is caused in the optical fiber joined to the 
compressive member. 

Also, as the shape memory alloy, a TiNi system alloy, which is an alloy of titanium (Ti) 
and nickel (Ni) is broadly known. Since the alloy can be set for different transformation 
temperatures by the content of Ni, if several shape memory all y-optical fiber twisted 
heat-sensitive sensors are installed, the applied heat can be determined stepwise. Also, with the 
combination of a spring and other shape memory alloy wires with a critical temperature, the 
initial state can also be automatically restored after the heat to be detected is removed. 

Furthermore, after a coil spring is held in an elongated state by a spacer member that 
softens, collapses, or melts due to the heat to be detected, it can also be coupled with the optical 
fiber. In this case, since the spacer can change its size as a response to various changes, a sensor 
capable of detecting radiation, ultraviolet rays, organic solvents, etc., without being limited to the 
heat can be easily constituted. 

Also, as the coupling means of the compressive member and the optical fiber, in addition 
to the above-mentioned twisting, an adhesion method of the optical fiber and the compressive 
member at a prescribed interval is also simple and can be appropriately selected in accordance 
with the purposes and applications. 

Next, referring to the figures, the present invention is mentioned in further detail, 
however, the following presentation is no more than an application example of the present 
invention and does not limit the technical scope of the present invention. 

Application example 

Figures 1(a) and (b) are illustrative diagrams showing a basic constitution of the optical 
fiber sensor of the present invention. Also, as will be mentioned later, Figures 1(a) shows an 
initial state of the optical fiber sensor, and Figure 1(b) shows a heat detected state of the optical 
fiber sensor. 

The device shown in Figure 1(a) is constituted by coupling an optical fiber 1 and a 
compressive member 2 at coupling points 3,-3 s at a prescribed interval x by means of an 
adhesive. The compressive member 2 is formed of a material with a negative linear expansion 
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temperature coefficient, and one end of the optical fiber 1 is coupled to an optical fiber analyzer 
4. 

The state shown in Figure 1(a) is a so-called initial state, and the optical fiber 1 and the 
compressive member 2 each have a linear shape. In this state, the optical fiber analyzer, as shown 
in Figure 1(a), displays an optical power with peaks A and B at both ends, where the part 
between the peaks decreases smoothly and continuously. Here, the smooth slope of section a is 
an ordinary propagation characteristic of the optical fiber. 

Also, the peaks A and B appearing at both ends are due to Fresnel reflection at the 
incoming terminal and the outgoing terminal of the optical fiber, and in actual practice, it is 
preferable to remove these peaks in order to prevent the saturation of the light-receiving elements 
of the analyzer. Specifically, the peaks can be removed by using a directional coupler for the 
coupling means of the optical fiber 1 and the optical fiber analyzer 4 or by installing a gate. 

In the optical fiber sensor device with the above constitution, for example, if sections 
3 3 -3 4 are heated for some reason, the compressive member 2 with a negative linear expansion 
temperature coefficient becomes reduced in that section, and the length of the section is reduced 
by Ax. On the contrary, the linear expansion temperature coefficient of the optical fiber 1 is 
positive, so that the optical fiber 1 becomes larger than the compressive member, thereby causing 
bending in the section. Thus, in the optical fiber 1, since the propagation loss is reduced suddenly 
in the section 3 3 -3 4 where the bending is caused, a step difference C appears at the position 
corresponding to the section 3 3 -3 4 as shown by the optical fiber analyzer 4 in Figure 1(b). 

In this way, if the optical fiber sensor of the present invention is used, the position of a 
thermal change over a long detection section, can be simultaneously detected along with the 
detection of the thermal change. 

Figures 2(a)-(d) are illustrative diagrams showing a manufacturing method and a 
constitution for the case where a shape memory alloy is used as the compressive member. 

First, as shown in Figure 2(a), a shape memory alloy wire 22 is molded at a high 
temperature in a coil shape with a length of X, and the shape is stored in the shape memory alloy 
wire 22. Then, as shown in Figure 2(b), the shape memory alloy wire 22 is cooled, held at a low 
temperature and stretched into a linear shape with a length of Y. 

Using the linear shape memory alloy wire 22 obtained in this manner as the compressive 
member, as shown in Figure 2(c), it is coupled to the optical fiber 1 at a prescribed interval y by 
adhesion. The optical fiber 1 is coupled to the optical fiber analyzer 4 similarly to the device 
shown in Figure 1 . Also, one end of the shape memory alloy wire 22, is coupled to a coil spring 
23, whose other end is fixed to a prescribed position. 

In the optical fiber sensor with the above constitution, as shown in Figure 2(d), for 
example, if the section 3 2 -3 3 is heated, the shape memory alloy 22 recovers the coil shape shown 
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in Figure 2(a), and the distance of the section 3 2 -3 3 is reduced by Ay. Therefore, the optical fiber 
coupled with it is bent in the section 3 2 -3 3 , and the propagation loss in that section is increased. 
Since the method for detecting the propagation loss is similar to that of the device shown in 
Figure 1, its explanation will not be repeated. 

Also, the rigidity of the shape memory alloy at low temperature is 1/3 or less than the 
recovered shape, and with the setup of an appropriate spring constant in the coil spring 23, the 
shape memory alloy can return to a linear shape when the temperature of the section 3 2 -3 3 is 
lowered again. 

Furthermore, Figures 3(a) and (b) show another constitutional example of the 
compressive member. 

As shown in Figure 3(a), the compressive member 30 of the optical fiber sensor consists 
of a coil spring 32 and a spacer 31 that is sandwiched at a prescribed interval in the coil spring 
32. It should be noted that the optical fiber 1 is adhered at each prescribed interval to the coil 
spring 32; however, in the section where the spacer 31 is sandwiched, it is adhered to the coil 
spring 32 in an elongated state up to a length of z. 

On the other hand, in the optical fiber sensor with the above-mentioned constitution, if 
the section 3 r 3 2 is heated, the spacer 31 in that section melts, and the coil spring 32 is returned to 
its original length. Therefore, the optical fiber coupled to it is bent in the section 3 r 3 2 , so that the 
propagation loss is increased. Since the method for detecting the increase in the propagation loss 
is similar to that of the device shown in Figures 1 and 2, its explanation will not be repeated. 

Also, in this application example, the heat-sensitive sensor has been explained; however, 
with the adoption of a compressive member with a positive linear expansion temperature 
coefficient, a sensor for detecting a local temperature decrease can also be realized. 

Preparation example 

Using a shape memory alloy wire as the compressive member, the optical fiber sensor of 
the present invention was actually prepared. 

The shape memory alloy wire used as the compressive member is a TiNi system shape 
memory alloy with a diameter of 0.3 mm0 having a shape recovery characteristic at 80 °C. 

The shape memory alloy wire of 500 rm at 100°C was molded into a coil shape with a 
diameter of 5 mm0 by winding it on a jig at 100°C. Then, it was cooled down to room 
temperature, and the shape memory alloy wire was elongated until it had a linear shape. This was 
used as the compressive member. 

The optical fiber that was used was a single mode optical fiber in which an optical fiber 
element wire with a diameter of 0.25 mm0 was coated with an ultraviolet-curable resin. The 
shape memory alloy as the compressive member and the optical fiber formed as mentioned above 
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were twisted at a pitch of 300 mm, so that an optical fiber sensor was obtained. The propagation 
loss of the optical fiber in the twisted state was 0.45 dB/km at a wavelength of 
1.3 |im. 

One end of the optical fiber sensor prepared in this manner was connected to the optical 
fiber analyzer, and when hot water of 90°C was applied to an arbitrary position of the sensor, the 
shape memory alloy was restored to its original coil shape at this position, and bending was 
caused in the optical fiber. At that time, a step difference corresponding to a level decrease of 
0.06-0.2 dB was observed on the optical fiber analyzer. Also, when the section changed to the 
coil shape was returned to its original straight state after normal temperature were restored, the 
step difference on the optical fiber analyzer disappeared. Furthermore, when this operation was 
repeated, the above-mentioned step difference appeared with favorable reproducibility. On the 
other hand, no change was observed in sections to which hot water of 75-70°C was applied. 

Effect of the invention 

As explained above, if the optical fiber sensor of the present invention is used, the 
detection part can be continuously arranged over a long distance, and if a thermal abnormality is 
detected, the position can also be detected. Such a characteristic is due to the unique constitution 
of the optical fiber sensor of the present invention, and it cannot be realized at all by 
conventional heat-sensitive sensor. 

Also, the optical fiber sensor of the present invention can be favorably used in facilities, 
such as cables for communication, power, etc. and supply pipes for gas, city water, petroleum, 
etc., which must be monitored continuously for thermal abnormalities over long sections. 

Since the optical fiber itself is nonconductive and chemically stable and the compressive 
member can be broadly selected in accordance with the necessary detection temperature range, 
etc., the usable application field of the optical fiber sensor is very large. 

Brief description of the figures 

Figures 1(a) and (b) are schematic diagrams showing a constitutional example of the 
optical fiber sensor of the present invention and its operation. 

Figures 2(a)-(d) are illustrative diagrams showing another constitutional example of the 
optical fiber sensor of the present invention and its manufacturing processes. 

Figures 3(a) and (b) show another constitutional example of the optical fiber sensor of the 
present invention and its operation. 
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(Main reference numbers) 
1 Optical fiber 

2, 22, 30 Compressive members (resins) 
4 Optical fiber analyzer 
23, 32 Coil springs 
3 1 Spacer 




Figure 2 



Key: 4 Optical fiber analyzer 
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Key: 1 Optical fiber 

4 Optical fiber analyzer 

22 Shape memory alloy 

23,32 Coil springs 

2, 30 Compressive members 

3 1 Spacer 



Figure 3 
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